Serum paraproteins can be accurately and precisely measured by means of agarose gel electrophoresis and densitometry at 520 nm after staining with Coomassie Brilliant Blue G. The results obtained for this method agree closely with the quantity of paraprotein recoverable from preparative agarose gel electrophoresis. The method is preferable to cellulose acetate electrophoresis stained with Ponceau S.
The management of patients with B-cell tumours such as multiple myeloma and Waldenstrom's macroglobulinaemia relies considerably on the assay of paraproteins in serum. Imprecision and inaccuracy in the measurement of these monoclonal immunoglobulins may lead to serious patient mismanagement.
Due to their idiotypic characteristics, paraproteins cannot be measured reliably by antisera raised against normal polyclonal immunoglobulins. Consequently, they are quantified usually by electrophoresis on cellulose acetate membranes and densitometry.
Hobbs, Slot and Campbell! drew attention to the advantages of electrophoresis and densitometry over other methods for quantifyins erum paraproteins. Smith and Thompson demonstrated a poor correlation between monoclonal proteins measured by both radial diffusion and agarose gel electrophoresis followed by densitometry. Increasing variances in the measurement of higher concentrations of paraproteins have been reported by Austin, Check and Hunter;' who used electrophoresis on cellulose acetate and densitometry.
The improved separation of serum proteins obtained by electrophoresis in agarose gel prompted us to investigate this method further for paraprotein measurements. The aims of our investigations were (a) to optimise a quantitative electrophoretic method for paraproteins, and (b) to compare this method with the performance of a cellulose acetate electrophoretic method in routine use.
Materials and methods
Serum was obtained from patients who had been diagnosed on clinical, haematological and biochemical criteria as having multiple myeloma, Waldenstrom's macroglobulinaemia or paraproteinaemia due to other B-cell tumours. The concentration of paraproteins in the specimens ranged from 4 to 80 giL. Serum proteins were measured by biuret on an ABA 100 bichromatic analyser (Abbott Laboratories, Pasadena, CA, USA). Albumin was determined by bromcresol green (BCG) dye binding using a modification of the method of Doumas, Watson and Biggs" on a Technicon SMA 2 (Technicon Instruments Corporation, Tarrytown, NY, USA). The same specimens were also analysed by electrophoresis on cellulose acetate membranes (CAEP) stained with Ponceau S and quantified by densitometry at 520 nm. Agarose gel electrophoresis (AGEP) for scanning densitometry was performed according to Jeppsson, Laurell and Franzen," except that a 0·06 mmollL Tris Barbital buffer was used. After electrophoresis, the fixed, dried gels were stained with Coornassie Brilliant Blue G (CBB, Sigma Chemical Co., St Louis, MO, USA) and scanned at 520 nm using a Beckman CDS densitometer (Beckman Instruments Inc., Fullerton, CA, USA). The quantity of paraprotein was determined from the globulin fraction obtained by subtraction of the albumin (assayed by BCG) from the total protein value.
All serum samples were electrophoresed by both methods to determine the variance of the assays. Each serum was applied to eight lanes on one gel to determine within-run imprecision and on four consecutive days on separate gels to obtain between-run imprecision. Specimens
---
with paraprotein concentrations greater than 30 gIL had absorbances over 2·0 and exceeded the range of the densitometer. These specimens were diluted in 0·15 mrnol/L NaCI to a paraprotein concentration of approximately 20 g/L before repeating electrophoresis ( Fig. 1) .
A preparative electrophoresis was performed on the same serum samples using 10 ul, samples run in 0·5 mm thick agarose gel slabs under the same conditions as above, but using a Tris tricine buffer, 0·096 mrnol/L pH 8·8. Following _ .
. . . c _ _ a • II-• electrophoresis, the zones containing albumin, the paraproteins and the other globulin fractions were identified by comparison with a reference marker lane in the same gel fixed and stained separately.
To determine recovery of these proteins the identified zones were cut out, added to 2 mL of Tris tricine buffer, then frozen and homogenised before being centrifuged for 5 min at 3500 rpm. Isofilters (Porex Medical, Fairburn, GA, USA) were used to isolate the eluate. The protein eluted from each gel zone was measured bichromatically at 500/600 nm on an Abbott ABA 100 by a modification of the method of Macart and Gerbaut" using CBB in combination with sodium dodecyl sulphate (SDS). The amount of protein present in eluates of these same fractions was also determined by measuring the absorbance at 280 nm using human albumin (Behring) as a standard.
Results

IMPRECISION
The imprecision of agarose gel and cellulose acetate electrophoresis measurements of paraproteins at low, intermediate and high concentrations are shown in Tables 1 and 2 . At the three levels of paraprotein measured, the imprecision obtained by agarose gel electrophoresis was significantly less than that by CAEP. The measurements of seven different paraproteins obtained by densitometry of stained agarose gels were compared with those obtained by CBB/SDS binding of the eluted monoclonal protein. A similar comparison was made between densitometry of stained gels at 520 nm and spectrophotometry at 280 nm on monoclonal proteins in eight specimens. The recovery of monoclonal proteins eluted from the gels varied from 45 to 65'Yo with a mean of 52%.
Measurement of monoclonal paraproteins 75
( Table 3) . No significant differences in these measurements were found in pair-wise correlation of these methods over a range of concentrations from 4 to 80 giL (Figs 2 and 3 ). Discussion Agarose gel electrophoresis produces better resolution of serum protein fractions, including paraproteins, than does CAEP. Since the separated bands are more discrete and therefore more easily delineated, scanning densitometry of these gels is less operator dependent. This is indicated by the smaller imprecision of this procedure compared with CAEP. In our investigations, the coefficient of variation of paraprotein assays obtained with both electrophoretic methods decreased with higher paraprotein concentrations. The between-run imprecision of the AGEP method at intermediate (mean 26 g/L) and high (mean 58 g/L) paraprotein concentrations was significantly better than those presented by Austin et al.' who used CAEP. The mean between-run imprecisions observed for agarose gel was 50'Yo of those for CAEP at high and intermediate paraprotein values, and 66% at low values. The within-run imprecision for agarose gel electrophoresis was marginally better than CAEP at high and intermediate paraprotein concentrations but substantially better at low paraprotein values which showed negligible variance.
It is recommended that when the absorbance of the stained paraproteins exceeds the range of the densitometer, the specimen should be diluted with saline to a paraprotein concentration of approximately 20 giL. Further dilution of the specimens may result in overestimation of the paraprotein due to underestimation of the remaining globulins.
The measurement of monoclonal proteins by this method is very dependent on the accuracy and precision of total protein and albumin assays. We have employed an optimised BCG method for albumin which correlates closely with immunochemical methods for this protein over a range of values 10 to 45 g/L, It has been our experience when using densitometry that the calculation of paraprotein values from total globulins rather than total proteins produces results which agree closely with both total, proteins observed serially in patients and the clinical course of paraproteinproducing tumours.
The accuracy of paraprotein measurements is most important in monitoring patients with Bcell tumours. Smith and Thompson" demonstrated discrepancies between immunochemical methods and densitometric analysis of CAEP stained with ami do black. We did not further investigate this well-established aspect of paraprotein assay.
In the present study, excellent agreement was obtained between densitometry of agarose gels stained with CBB, and spectrophotometry of the eluted paraprotein using CBB/SDS and by absorbance at 280 nm. The accuracy of CAEP for determining paraprotein concentrations was not investigated because of the unsatisfactory imprecision of that method.
Although commercially produced agarose gels were not employed in these investigations, they should be satisfactory provided that their analytical performance is comparable to our findings.
Conclusion
The use of agarose gel electrophoresis stained with Coornassie Brilliant Blue G and followed by densitometry at 520 nm is recommended as an accurate, precise and practical method for the measurement of monoclonal proteins in serum.
